Abstract. In this work, we present the study of the behavior of 15 tomato cultivars under different grow lights to evaluate the quality of seedlings in the production system. The lamps used are: compact fluorescent, high-efficiency fluorescent, fluorescent, and pure blue light-emitting diodes (B-LEDs). The trial was carried out in a culture chamber with the temperature and relative humidity continuously controlled. Spectral radiation was measured at the canopy level. The following were quantified: fresh, dry biomass partitioning organs (leaves, stems, and roots), the total dry weight/total fresh weight relationship, shoot/ root ratio, and indole acetic acid. We found high-efficiency fluorescent light treatment has a very interesting spectral quality for all cultivar applications as a result of it having the lowest photosynthetically active radiation (PAR):near infrared
There are a large number of cultivars of tomato used in commercial production under greenhouse conditions. Their growth is influenced by environmental conditions, cultural techniques, and market requirements (Moreno, 1993 (Moreno, , 2002 . Moreover, the physiological responses of different cultivars are not similar (Goykovic and Saavedra, 2007) and, therefore, it is necessary to make a detailed study of each variety separately.
The most studied environmental factors used to differentiate among cultivars are: light and temperature (Allen and Rudich, 1978; Bartsur et al., 1985; Dinar and Rudich, 1985; el Ahmadi and Allen, 1979) , salinity resistance to pests and diseases (Hanafi and Schnitzler, 2004) , and nutritional factors.
Indole-3-acetic acid (IAA) is the most studied auxin and, moreover, it has the highest natural occurrence in plants. Different types of auxin are found in plants as free acids or conjugated forms such as ester and amide derivatives (Normanly et al., 2004) .
It is believed that the most important sites of IAA synthesis are generally in young tissues (buds and young leaves, young fruits, and immature seeds) because the endogenous levels in these tissues are higher than in other tissues. There seem to be two sites of biosynthesis inside the cells, as tryptophan, considered as a precursor of IAA, which is synthesized in plastids, but it has also been found at the cytoplasm (Srivastava, 2002) . It can be synthesized in leaves and travels down by polar transport promoting plant growth (Hartmann and Kester, 1983) ; synthesis and polar transportpromoting growth was observed only with light grown seedling (Boerjan et al., 1995; Jensen et al., 1998; Romano et al., 1995) . On the other hand, it has also been observed that one of the two major peaks of auxin production is in the cell division phase (Mapelli et al., 1978) . Bohner and Bangerth (1988) observed in experiments with isogenic lines of tomato that the decrease in the rate of cell divisions is associated with rapid reductions in the levels of IAA. Although not finding a correlation between the concentration of IAA and cell expansion, positive correlations were found between the level of auxin and cell expansion in various tissues of other species (Cleland, 2004) . Auxin, in very small quantities, stimulates root growth and in larger amounts inhibits it, favoring the development of lateral roots (Campbell and Reece, 2007) .
Auxin controls other organic processes: initiation of radicle and adventitious roots (Hartmann et al., 2002; Weaver, 1998) , flowers and fruit retention (Erner, 1989) , transition from flower to fruit (Raghavan, 2003) , young foliage (complex interaction) (Zeiger and Taiz, 2007) , and tropisms (Campbell et al., 2001; Evert and Eichhorn, 1992; Starr-Taggart et al., 2004; Zeiger and Taiz, 2007) . At low concentrations, auxins stimulate metabolism and development; however, high concentrations of auxin inhibit metabolism and development (Campbell et al., 2001) .
Auxin synthesis was modified by intensity and quality spectrum light (Kurepin et al., 2007a (Kurepin et al., , 2008 Pacheco, 2001; Tofiño et al., 2007) . Concerning the activity of auxin, the light produces a transfer of electrons to the molecule of auxin that blocks its synthesis on the side that receives the light. This causes a higher gradient of concentration on the side without any light (Thornton and Thimann, 1967) . The longitudinal and lateral transport of auxin results in its asymmetric distribution and this causes differential growth in plants (Horwitz, 1994; Yi and Guilfoyle, 1991) . Irradiation at 730 nm (FR) promotes auxin synthesis in leaves, and irradiation at 660 nm (R) promotes synthesis of the inhibitor (Muir and Zhu, 2006) . Blue light (B) produces a higher quantity of auxin in leaves; this production can be put down to cell differentiation (Horwitz, 1994) and growth of secondary roots (Günes, 2000) to ensure the survival of young plants (Geßner et al., 1999) .
Transplant seedling production has increased in recent years as a result of the huge advantages of this production system compared with bare-root seedling production. The successful production of seedlings for transplantation requires the control of several factors, one of which is light (Ohyama et al., 2003) . In the cultivation of tomato seedlings, incident radiation on the canopy affects photosynthesis (Papadopoulos and Ormrod, 1990) .
There are parameters to define quality tomato seedlings: total fresh weight (aerial part and roots), total dry weight (aerial part and roots), dry weight/fresh weight partition, total height, number of leaves, foliar surface, stem diameter, root length, etc. (Carbonell, 1995) . Hoyos (1990) states that the total dry weight is the best parameter to define quality tomato seedling. The effect of IAA on the length and fresh and dry weight of the stem segment is to increase them all (Saniewski et al., 2005) . In wheat cultivars, auxin increased hypocotyl length, seedling fresh, and dry weight and hypocotyl dry weight but did not influence the seed germination percentage and radicle length (Akbari et al., 2007) .
The aim of our study is to compare the effect of light sources: compact fluorescent lighting (low consumer), high-efficiency fluorescent, fluorescent tubular light donsbulbs (TLD), and light-emitting diode (LED) used in seedlings production on endogenous auxin concentrations in leaves of different cultivars of tomatoes.
Materials and Methods
The test began on 16 July 2009 with the planting of 15 cultivars of tomatoes (Table 1) in four expanded polyethylene trays. On each tray, 10 seeds of each variety were distributed.
Peat moss covered with vermiculite substrate was used. The density was 421 plants/m 2 . In the pre-experiment period, for 2 d, the trays were kept in a germination chamber at 27°C with 90% relative humidity (RH) without illumination. The sprouts were moved to the greenhouse at 34 to 35°C and 53% to 55% RH. After 8 d, the seedlings had a vigorous appearance and they were scheduled for follow-up in a chamber where they were then randomly assigned to each light treatment. The chamber was kept at a constant temperature and humidity (34°C and 55% RH, respectively). The chamber was equipped with four light sources as described in Table 2 . All plants were grown under a 24-h photoperiod, and a complete nutrient solution was used to avoid any water or nutrient limitation. The trial ended on 24 Aug. 2009 when it came to sampling. Experimental design consisted of four lighting treatments ( Fig. 1 ) with 10 replications for each variety and treatment.
Although T 4 shows less energy than the other treatments, it allows us to study the morphogenetic reaction of the crop generated by PAR and B which, according to Dougher and Bugbee (2001) , allows the effect of B on the photoequilibrium level of phytochrome and PAR radiation to be separated.
Spectral radiation was measured in each shelf using a LI-COR 1800 (LI-COR Inc., Lincoln, NE) at the canopy level.
At the end of the trial, plants were evaluated. Fresh and dry weight partitioning among assimilation (leaves), conductive (stems and petioles), and absorption (roots) organs were 
Vigorous, very precocious Lengthened good conservation postharvest
Homogeneous cultivation Large, green collar, great flavor, excellent preservation postharvest measured by a precision balance (Mettler Toledo classic PB303-S, Greifensee, Switzerland). Extraction was made by grinding fresh leaves with 95% + 70% (1:1 v/v) ethanol. After filtering and centrifuging the samples at 5500 rpm for 10 min, IAA was quantified in supernatant fractions by colorimetry with a Spectrophotometer (Shimadzu ultraviolet-1201; Shimadzu, Kyota, Japan) (Tien et al., 1979) .
Analysis of data was made using the software packages Excel 7.0 and Statgraphics (Stat-Point, Herndon, VA) plus 4.0. Analysis of variance and the Tukey test for P < 0.05 were used to assess the significance of parameters fresh weight (FW) and dry weight (DW) for all parts of the plants; least significant difference (LSD) test for P < 0.05 was used to assess the significance of the relationship between aerial and root parts [Leaves+Stem Dry Weight:Root Dry Weight (LSDW:RDW)] in the treatments studied.
Results and Discussion
Spectral quality lights. Figure 1 shows spectral quality of different treatments measured at the canopy level. Common peak occurred at 436, 544, and 612 nm for T 1 , T 2 , and T 3 , respectively but only T 4 presents a wide peak at 470 nm. The lowest total radiation is presented by T 4 .
Interesting values associated with radiation from the agricultural point of view to characterize the quality of light (Baille et al., 2003) and the relationship between different spectral radiation ranges are presented in Table 3 .
T 1 and T 2 show similar ultraviolet radiation (UV), higher than T 3 , whereas T 4 does not show ultraviolet radiation. UVA and UVB can produce changes in the reduction of the stem length as a result of degrading IAA (Mark and Tevini, 1996) .
The gradient of B radiation is T 3 > T 1 > T 2 > T 4 . B light affects photomorphogenic aspects of plant growth and their development (Sundström, 2000) . Carotene, xanthophylls (orange and yellow), and anthocyanins (red pigments) absorb mainly in the B region of the spectrum. Chlorophyll also absorbs in the B (Buiten and Clevers, 1993) . Likewise, B light stimulates synthesis of auxin through the activity of the auxin:IAA protein family, which is related to endogenous levels of IAA (Folta et al., 2003) . Also, Zeng et al. (2009) found in Arabidopsis that the cryptochrome photoreceptors regulate root growth by changing auxin transport.
T 2 shows the highest values of R and FR parameters, whereas T 1 and T 3 are similar. Briggs (1963) documented R light suppresses auxin production in corn coleoptiles. Phytochromes (Hall and Rao, 1999) are responsible for plant response at R and FR ranks.
T 2 shows the best value of PAR; T 2 , T 3 , and T 1 have higher values than those mentioned in the literature for all lighting systems (Gaudreau et al., 1994; Poudel et al., 2007; Tennessen et al., 1994) . PAR is the portion of the spectrum that participates in photosynthesis; PAR and temperature are critical parameters related to tomato plant performance in the greenhouse (Jones, 2008) .
T 2 has a higher NIR value, although T 1 has greater power (Table 2) ; also, T 1 did not have a light system. NIR is mainly determined by the absence of absorption by pigments; this means that the energy passes through the leaf (the leaf is transparent) or that it is reflected, producing more transition of air to cell walls (Buiten and Clevers, 1993) . NIR is a useful part of the radiation for photosynthesis mainly related to heat and the greenhouse energetic balance (Castilla, 2005) . Nevertheless, in a culture chamber with light at every level of the crop, NIR only results in plant overheating and the possibility of damaging tissues.
Total radiation received by the canopy plant in T 1 and T 3 is similar; T 2 has the highest value of all treatments. Total radiation measurement at T 4 is very low compared with other treatments. High photosynthetic efficiency radiation can be connected with partition PAR:total whose value must be equal or closer to 1. In all treatments, this condition is known.
T 3 has the best relationship between both spectral regions. The PAR:NIR relationship must be high in artificial lighting systems because it can mean that there is no damage by heating.
T 3 has a B:R value equal to 0.90 and T 2 has the value furthest from 1 for this parameter with regard to all of the treatments. When there is an excess of B with very little R, growth will be shortened, and the cuticle will be dark-colored and hard; if there is an excess of R over B, the growth will become soft with long internodes, resulting in lanky plants (Jones, 2008) . A value closer to 1 indicates balance in the B and R wavebands.
T 2 has the lowest values of these parameters. B:FR and R:FR may be critical parameters in the cultures. Blue light will result in a thicker cuticle if it is reflective. These wavelength bands alter the proportions of esters and leaf wax alcohols in the leaves of pepper (Kasperbauer and Wilkinson, 1995) .
Biomass evaluation. Table 4 shows morphological parameters of studied cultivars under light treatments. The cultivars A, R, M O , P, Z, and L show a light compensation point higher than that offered by T 4 , because they died in the course of the trial. The compensation point for light intensity varies according to the type of plant, but it is typically 40 to 60 WÁm -2 for sunlight. The compensation point for light, in the tomato plant, can be reduced (somewhat) by increasing the amount of carbon dioxide available to the plant, allowing the plant to grow under conditions of lower illumination.
Total dry weight (TDW) is higher in T 2 > T 3 > T 1 > T 4 . Lighting systems produced different effects on TDW; a linear relationship between cumulative intercepted PAR and tomato dry mass production has been reported (Heuvelink and Dorais, 2005; Riga et al., 2008) .
S and V seem to be have an acceptable behavior to T 4 , although they are not the highest quality plants; they are cultivars that can survive poorly under this quality light. This behavior was mentioned by Geßner et al. (1999) and they explained that the B light supplied by the LED appears to increase the survival of young seedlings such as these ones.
Figures 2 (a) and (b) present the relationship between TDW/TFW and TDW. It can be observed that TDW:total fresh weight (TFW) is related to TDW but not to cultivars and treatments. The plant increases its hardness in relation to the dry material that accumulates. These results agree with those of Miller and Timmer (1997) who found an increase of shoot (99% to 142%) and root (five-to 10-fold) biomass in Picea mariana during hardening.
TDW:TFW ratios close to 0.10 may indicate that the seedling is a better quality one than others that show lower values. Likewise, plants with TDW:TFW close to 0.10 show greater hardening and more successful transplant (Wainwright and Marsh, 1986) .
For the LSDW:RDW ratio, no direct effect of light treatment was found among treatments T 1 , T 2 , and T 3 except in cultivars S, A, D, C, and A N . These cultivars show the highest values in T 1 ; this can be related to the low level of R, the R:FR ratio, and ultraviolet and PAR radiation (Table 3) . Inada (1984) classified growth responses to light qualities into two groups: 1) species in which R inhibits cell elongation more effectively than B; and 2) species in which the response was reversed. Tomato could be considered in the first group. These results agreed with Kurepin et al. (2010) who found wild-type tomato seedlings responded to a low R:FR ratio with increased stem elongation. UVA and UVB can produce changes in reduction of stem length (Mark and Tevini, 1996) .
Looking at Table 4 for cultivar I, it is noteworthy that T 4 shows the highest value of LSDW:RDW, as does the TDW, and if we consider the parameter LSDW:RDW, it is curious how this variety is capable of developing its aerial parts very quickly but has slow root development; the plants are not good quality but are survivors. On the other hand, the LSDW:RDW ratio clarifies the status of the seedling. If the values of this parameter are very high, we can deduce that the roots are not developed, so the plant is not getting its water and nutritional needs and because of this, the aerial part will not develop much more (Partida et al., 2007) . Table 5 shows the relationship between aerial and root parts (LSDW:RDW) for all cultivars for all treatments. In general, the treatments did not affect these parameters, but the intrinsic morphological characteristics of each variety can affect it. 'I', 'C', 'A N ', 'V', 'Z', and 'L' are the group with higher values, presenting significantly lower values for other cultivars. A lower value of this parameter involves obtaining a plant with a well-developed root and some tightening; it is important to transplant outdoors (Liptay et al., 1998; Nicola, 1998) . Seedlings with a relatively large root system generally suffer less transplant stress and, thus, further growth is anticipated for them than for those with smaller roots (Weston and Zandstra, 1986) .
Plant development and indole-3-acetic acid. Endogenous auxin concentration in leaves (Fig. 3 ) shows significant differences in each variety by treatment (LSD test P < 0.05). All cultivars under T 2 conditions show the highest auxin concentration and, under T 4 , they always show a lower concentration. Most of the cultivars have similar concentrations of auxin in T 1 and T 3 . Even in 'D' and 'V', no significant differences in the concentration of auxin among T 1 , T 2 , and T 3 have been found. Moreover, the concentration of auxin in 'C ON ' is similar in T 1 and T 2 but T 3 shows a lower concentration. However, 'S' and 'B' have a higher concentration in T 3 than in T 1 . These results may be the result of the different sensitivity of different cultivars for different regions of the spectrum (UV, B, R, and FR) to act together. The most important sensitivity is that related to R:FR with a maximum value in T 2 (Table 3) , except in the performance of the cultivars D and V. These results are consistent with Kurepin et al. (2007a) . They found low R:FR ratios associated with an increase in endogenous IAA levels.
No differences between the concentrations of auxin in T 1 and T 3 were found. We might consider that differences in UV and B applied in both treatments did not modify the synthesis of auxin in most of the cultivars studied. However, the highest concentration of auxin in the S and B cultivars in T 3 compared with T 1 may involve a high sensitivity to the B and UV region in these cultivars.
In lighting conditions produced by T 4 , only nine cultivars survived ('I', 'S', 'D', 'C', 'A N ', 'C ON ', 'V', 'B', and 'M Y '). Under T 4 , variety 'I' has the highest value of auxin, but all parameters (Table 4) indicate that seedlings in this treatment are not good quality ones as a result of the low PAR radiation received. Figure 4 shows the correlations between auxin concentration and TDW, in which all cultivars show a high correlation with both parameters. Correlation is shown by a linear equation and coefficient R 2 = 0.63. This coefficient of determination could be considered good because differential behavior of cultivars is also an important influence. These results agreed with Kurepin et al. (2007b) , who found that TDW seedling is associated with endogenous levels of hormones such as auxins, cytokinins, and abscisic acid (Kurepin et al., 2007c). Also, Mapelli et al. (1978) considered that high amounts of auxin may be related to plant development in the phase of cell divisions and that auxin synthesized by the leaves has gone to the roots allowing rapid development and thus ensuring the survival of the seedling (Geßner et al., 1999; Günes, 2000) . Veglio (2010) presents a model based on the consideration that plant growth is controlled by the auxin biosynthesis pathway, which is regulated by two signals: an internal one related to the hormone ethylene and an environmental one.
No correlation was found between TDW: TFW or LSDW:RDW parameters and the concentration of auxin.
Conclusion
Light treatments applied generate significant differences in the FW and DW of organs and plant as well as the concentration of auxin in leaves.
T 4 applied radiation is under compensation point and it is insufficient for the survival of cultivars Atletico, Rambo, Montenegro, Prodigy, Zayno, and Lynna.
The TDW:TFW ratio may be related to TDW presenting the same trend regardless of the treatments received and the cultivars concerned.
The LSDW:RDW ratio has neither significant correlation with treatments nor with the endogenous concentration of auxin in leaves.
The concentration of auxins differs significantly in terms of lighting treatments applied, being highest in T 2 for all cultivars; this could be related with a low R:FR ratio. Different responses in auxin concentration in T 3 and T 1 are presented for cultivars and could be related to the different sensitivity of cultivars to UV and B fraction of light received. A significant correlation between auxin concentration and TDW produced has been found.
T 2 characterized for the lowest PAR:NIR, B:R, B:FR, and R:FR provides adequate light quantity and quality for all cultivars within the parameters RDW, TDW, TDW:TFW, and LSDW:RDW.
